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(ANURA: HYLJDAE), ANDA RE-EVALUATIONOFTHEIR GEOGRAPHIC

DISTRIBUTION

by Makion Anstis* & Murray .1. LrrrudoiiN'

Summary

Awns, M $ | iTTUyOH!^ M .1, |
|o%) The breeding bwtogj v\' lJt»riu .stth,t>lwuli<h>.\u and /,

liyltdac). and u re-BYMluitfinn ol [heir geographic distribution. 7Whm. A' Sin. S
November, 14%.

itroffi) t Anur;i;

nil'Mil- known mnge "| UWhti whxluitduiost; is cvlcnJu'J and lluu 111 /.. rmvyvj is ivvised. Population u

observed at the type localiiy during ihc 1960s 70s and iy$ta flit! compared.
;dl. adult colourafii'ii in lilR. behaviour and enihryological development ol /

ibed and compared with ihose ol L. iitm/tu. The single e^'g mass ol /. \ithuhnulitii>s<

I he advertisement call

SUbxfanMo.Ht are devcriL.

shows adaptation hi die loiic emironment. btfiruj compact and strongly adherent Flic embryos .ind larv.d slaves
o! the two species are very similar in shape and colour in life from KtUge 17 onwards, hW $t£ rradilv

distinguishable- by moulhparts. CompataMvc lotcs do lOj'Vat hctwvuuir are given.

Kiv Wwkus: I if/nut stihtihaulttfosa, Utwitt cfflvpjtl, disiribution, population ireiidv. advcniscnieiii calls,

oviposiiion. entbryohH/y, larval behaviour.

Introduction

Lttorio \Nhi>lit'itlulo\u was described as Lltv)'hl

xlun(iut<Ksa Tyler & Anslis. 1*9?? but renamed
because of primary homnnyrny (Tyler & Ansiis.

1983% A member of cite L it'tropn species group

(Tyler & Duvics [078), L suhi>latuitihi\d was
previously Known only loan the Quecnsraiiti/NSVV

border south 10 the New raigland ranges ol" northern

NSW(Tyler & Ansiis 1975) The type description

included a description ol the larvae, but no data were

available on ovipositiomcrnbryoloijicnl development,

larval hehavioni or the* advertisement cull.

The species was found 160 kin soulh ol its

previous known distribution in die mid-norih coastal

ijm^cs and Burriivjton Tops region by one of US

iM.A.i. in 1977 lis presence there din\ ihe absence

ot / . tny>i>u, prompted a re-examination o\ the

distnbubon of both species. In addition, observations

on ovipositioiu the morphology <T embryos. )ar\ae

and adults and a comparison of the advertisemcni

calls i.i f L. ritn'pa and /.. sidiyjttndtdasn were ma<le

and are repotted here.

Materials and Method*

Liu ft fa \ifh's>i(tti(lnl('\<t

\didt specimens examined: Australian Museum
(AM) RI7577. 35525, 4293i-33. 50I6.V 510&&-7,

51104, 517354V. Point Lookout; R3445N - 14km
f-.asi ol [dim: K36724 - Oafesv Creek near Poor,

KWhtevrm Ril BetcrWRi Hv.yhls NSW2oH2.

l)r|iiiMiiuiii ul /...iL^y. t 'hH' i-,Hv ,.t WUiMi.iH.

P.HkvillrVK- KJSJ

R^6 l )75 - (my f-awkes Rivei, Cbor: R7I 109 -71 I 14

Back Creek (Rarwick Riven ncai Point Look<nu

R370I7 - 5kni S ol Walchu : R3O05C) 50km F of

Cdeii Innes (Gibraltar Ranue); R5293I Samlw
Cieek, Doiriijo, R5II7X-XO Sts \ River. Point

Lookout; R76S|g - GlouccsJer Tops: RM6K3
L Ipper Allyn River. Fiarnivjion lops; fcUMSOS
Hllenborou^li River. Bul^a State Foresi, NSW.

Lttnria enount

Adult v/vr/wevM csaminctl: Atislralian Museum
R75bO_ Orbi3st:75^ AbertekkVic: 19237. 18234.

Uttfe. IK23X Slanwcll Tops: 794^0 Sianwell Park:

245t»0-24505
T

2759t», l-mlc.mhridpe: 45X5X.

rhillmere Lakes; 3I6S5. 71 12. 7S^>27 1 leiensburch;

45424. Tianjara l-'alls; 5 I NS. Megaloue Valley: 7 1 10,

lla/elbrook: SHHL Blaekheallv. 69034. Bell.

Kurfifiuns Rd.: 76625. IS km N iit l.ilhgow; S459,

Pennant Hilts; 14495, Colo Vale: 79100. 76623,

Clljoul Range N of Colo flt>.: 4261. Bundainjon;

7IK9S. 24 km N of Moss Vale: 15462. Goslnrd;

/S264-26. 7S698. Kurmgai^Chase: 6<»425. Nad^ree

Reserve; 794*9, (Jalslon doi-ge; 7563, Manly, NSW.
Three adults iitcd as /. vitrofiu b> lyler & Ansiis

(1975) irom Barri nylon Tops localities- l)epl/ool_,

UtliV. Melbourne (MC/I)| 1792/64 - t'].»pei Allyu

and MV/O 1690^1/63 - Wombat Creek, were re-

examined because of appareni overlap in ranjjc with

Ihc Barrirtrton Tops localities lor A_ vuhithmdidtna.

These specimens have since been registered by the

National Museum ttf Victoria (NMVt as D32666
(tipper Allyn Riyei) and 03260T65 (Wombat
Creek I- Similarly, two specimens <NMVD670'J- 10).

I'iied by Copland (1957) i\$ I. tftfQpn from nr.n

( irafton. iMMtheaslern NSW. wore examined,



84 M. ANSTIS & M J. LITTLEJOHN

"fcs

^ ^ s
^ « -2 5 5Q <u

=6 &C§ §
eA -k C E

.2 - ci -

^3 & *^ ^J IT) ?.§ij

£ 60 3
3 2 ":

-J en -J

Sip

141£1

<U

sC

L

c
c
r-j

3 r
o

r—
SO

.H .—* —'•

-3'' ©
CM

<2

1 -5

H 13 gC <— cti

u S hj§§u
erra asal emi

,C
ft, ,C C/3

. o> o

£ Or.

£ E*

5 5 ^ K

Ss s .2
'C ^"3 ^ Bg

«w Q s ^
:§ £ ;g 5 £- ;5 <4j £? s /

c* S.
* &-§J3 § s,

**

^-J sm^ J -J ^ --*

Z goo
3 -^

O
-r to

^ >

eg

*2 1-

r-^o oO rW OC GO

c-.
i—O -- --

pj 5, oo

OO
;* X

-+ —r- -x

E t
g 3 —
" i3

-

SP-d 3

5 OO
W1I

gs o 5 a;

4-1 -G I

G Q-tfl
u b o> .15egg
I I G JZ _

^ 5

. ^

0-5

2

c <u

SI S}

ĈO
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Q\ i/>o\itfon and rmhty<n

Observations on three captive breeding pahs ol

i-;ii li species, collected by MA-, art* summarised in

lahlcs 1 and ?, In each case-, a caUin*i male was first

collected al night, then a gravid female was found

durin;: d oylight the next day. in (lie same vicinity aa

the male The pans were each placed i^ a large

ipfl&icd ptolU b&g ejOnftU&iflg siieain water,
fi

flat

ruck and aquatic vegetation. The bag was covered

Willi opaque material lor the duration of amplcxus.

(Jtttriti \iih\;ktntlitlo\u

SlftgCS |*23 (Gosncr, (9601 were studied ffOW

three separate £gg masses one from (lie type locality

(locality 10. Table I i and die others from \nc new
localities 3 dlld 4b Hereafter, numhered localities

will refer lo "fable I (unless otherwise stated*.

plirthci '-.aiupte 9 froill eeg masses found ill (lie stream

al locality # were maintained until stage 25 to

confirm idcniitv. b\ I> A. White ot the National

Patks & Wildlife Service. NSW(NP.VWS). I'mbryos

and larvae Were held in dishes (40 cm dram.)

i 'oni.iiMimj Mui.iiM Wiik-r. toekv sediment^ and

aquatic vegetation, and maintained al 14 21 C

(locality 9*. and 15 -24 C (localities 3 and 4b).

Phc egg nwws TOWlocality 4b laid on 7 ai i. 1 '/Htl

< lahle J i. was submerged wilhm a metal lea strainer

in the tool, flowing w.iter*.)' the stream I'm the initial

two days ol development, but bolh Ihe egg masses

from localities 3 and 4b were maintained at higher

temperatures of up to 24"C away Irom the stream

from the third day alter deposition. hmhryoiOL

development was observed under a Wild \!J

stereoscopic microscope,

Liioriit ettnuiu

Stages I 25 were studied from (wo egg masses

Iron i Darkes forest and one from Ourimbah
(localities I? & 16, Table 3). Samples of eggs found

fullered over the substrate in Ihe stream were raised

to stage 25 io confirm identity. Adults in breeding

condiliun were placed in an inflated plastic hag

covered with opaque material during amplcxus and

lUcic^uUinc embryos maintained al lb -23 C\

Liirvar

tadpoles were measured (lo 0.1 mm) with vernier

callipers and an ocular micrometer attached lo the

microscope They were anaesthetised in Chlorbutol

solution before preservation in 37/ lotntuhn. The
slaving system is that of Gosncr (IVoOl.

Abbreviations for larval measurements shown in

Table 0. follow Anslis (1976): I'L - total length, BL
= body length. BD - maximum body depth, TD =

maximum tail depth. TM = tad musculature depth

(measured in line with TD). IO = inierorbital span.

IN = intcrnarial span. LN - the distance between eye

and naris and MW= maximum mouth width

Illustrations were made using a drawing tube

attached US the microscope. Preserved and living

larvae ol /„ \\th^landuh>su fmtn sites I

u were

examined for comparison with those Irom Ihe type

b h mIh\ and measurement* are given m Table 6.

("ceding and swimming behaviour of several larvae

of boih speuesw.r-obsefved mcaptivity uud in Mien

natural Mfc environmenl.

Advents nwtu nd(\

'I lie calls off. \tih^luruhiit>Mi were recorded at a

lapc speed of 4 7fruiiMf.c "'. usiu^ a Sons Tt-ttSfRO
portable cassette rccordei with a L her M5I6
microphone and a Grampian paia6olu lerlivtoi.

Calls of /.. L'hr&p& were recorded with a Nagra 4 2

open reel lape recorder al <t tape speed ot |4 cm m\

and a Beyer M-XN eardioid dynamic microphone.

for L, suh^lunduh'SOy the tape cassette was

replayed on a Nuknnuchi Dragon kipe deck, and lot

/., i ///r//w. the open-reel tape was replayed on either

attevOVB 77 or uSo.n '!(. S I0O l;ipe nxoidei. the

calls ^rffi analysed Oil a Kay r:lcmelnes Digital

Soiiii -Graph. Model DSP-5^00, Addil tonal analyses

ol waveforms were made by way ol a Sound- Blaster

16 caid (Creative Technology! installed in an IRM
K -compatible desktop computer, and using the

Wiivv Studio (Creative Technology > and Spectra Plus

Professional. Release 3.0 (Pioneer Hill) software.

Both systems yielded consistent results tor analysis

of the same signals.

Ihe dominant (= peak) frei|uencu -\. wetv

calculated as those ol greatest amplitude in a power

spectrum or an averaged spectral display. Numbers
of pulses were determined by inspection ol

waveforms. Pulse mlcs were calculated from the

interval between Ihe peak of (he first pulse and the

peak ol the last pulse in a pulse tram and the number
of pulses reduced by ona tie, n-1 pulses) Because

of the difficulty in determining ihe beginnings and

ends (i.e.. zero amplitudes! of pulses and pulse

trains, the peak - pc;tk interval was taken as the

duration. Where appropriate, pulse trains arc termed

'notes'. II two distinctly different types of temporal

unit are present in a call, then Ihe signal is described

a* diphasic isensit Uttlejohn Sf. Harrison 19851,

Results

Di>lrdvitton und hahitui

LUoriu snlygjitndnlosn

The new loeahues { I -9) recorded in Table I extend

the known southern range of this species about I.H0

km All localities are permanent streams/rivers oi

basalt or metamorphic rock country associated with

rainforest, montane or wei selerophyll forest (except

for Ma iSc Mb) anil are al S10 m or hicher. The
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O —L. citropa

*=ti MibgtaiKfulosa

100 200

I ir. I. A revision ol
'
(he distribution <>)

' I ttorut <

'7//tyW stud

luenu ufbglamhiUw provided by Tyler & Artttrh

i l<W5k incHnhny ;t number of ne% Inc;i1ilux lur/. fcufa*.

iatiflufo.sa.

southernmost locfiljl) .il Wbicll the $pCCh$& has been

lound is locality c
>. Kal Brook, Mounl Royal Slate

Porvst. NSW. Hie National Parks & Wildlife North-

east Forests Biodiversity Study (
1 091 I'ftH) riscprds

/.. siibgUineiuinsa at a number of sites between ihe

Harrington Tops region and Ihe northernmost forests

«»i nsvv, including DoyJcs Rjvftr state Forest, mi

Boss Suite Poresl, Nowciidoe, Wcrnkinihc National

Park Gibraltar Range National Park, Sty \ Stale

Pnrcst Spirnho State Forest and Boonoo State

Forest. Phis indicates the species has a fairly

continuous distribution along die range country, from

locality 9 in the south lo near Slanthorpe. jusl north

.,( the Old/NSW border (151 40'30"h, 2S'40'20"

SMl-ip. 1).

On a daytime visit to localities 10 M-lTu I I on

1 9 \h.I994. no tadpoles of Ibis or olhcr species wcic

located. This was at a tune when numerous tadpoles

of L. MfhghHNfftln.stt, L~ h{)f>moh>m;fnsis and

MtMipliyc.s hitlhus would he expected !o be present

(based on annual studies in (be 1960s and '70s).

Observations by John de Bavay and Paul Webber
confirm thai (here has been little evidence of this frog

over recent years at the type locality, suggesting lhat

the species may be undergoing a decline there. The
National Parks and Wildlile Biodiversity Study has

records ol live nudes of Ihis species calling at three

sites on 2.i\.l995 in the Styx River Stale Poresl in

(he region of the l\pc loealiiy:

I j Holy Creek -"lat./long. 30 _W39" K, 152 14'

4 VS. (altitude 1 (Kid ml
2> h'elv Creek - 31]' 35' 26" b" 152 13' IK" vS,

(890 m)
3) Watile I U Camping Area - 30" }5

' IS" P, \?1

l2'3X"S(X70m).

Observations on 20,\ii.|994 at localities 12. 13b

and 14 (all northern localities), indicated the

presence ol L. \nb^iaiuin(nsa tadpoles

Litoviti i iiVDpa

Specimens NMVD33&66 fl .'ppor Allyn Riven and

FH2664-65 (Wombat Cicek) weie examined ami. on

die basis (4* the indisiincl tympanum, promineni

supral) inpanic lold and head width, were lound tci be

L Hiih\>}ut)<luit>Kd- NMV1)6709- 10 cited by Copland

1 1957) as ( . < ifrofHi from near Oration in the north-

easl coasl of NSW. form (he basis of ihe slalemenl by

Heaiwnle ti uL (1995) (hat L vflrdfHi "extends from

norlhcasicrn New Souih Wales (o southeastern

Victoria". Upon examination, these specimens were

huuid l»' have (he body proportion Ctf /

suhi>Uui(/ulifsa
t

but because both were collected m
1X65 and in a po<»r state of preservation, it is diffieuh

in come lo a dellniie conclusion as to their identity.

The iwo species have not been found in syiupauy ai

any site examined, and this fact, in coihhiiiation with

the examination o\ museum material, indicates Mui

the drainaec o( the Hunter River appears to be a

natural geographic barriei separating (hem iFie.l)..

Larvae were observed by MA. on Pi. 1976 and

25. i. 1996 at Boardinghonsc Dam in the Watugan

Slate Poresl, south ol the Hunter iivei NSW(33 00'

01" H. 151 24'l5\S)and by R.Wells lurlhcruoiih

in the Pokolbin Stale Forest, near Cessnock.. in

January 1993. Ibis fc ihe noiihcrnmosi known
locality lor this species.

Lttorid stihgUimlulosa appears to replace /.. citro/ut

in the Bamuglon lops region north of Newcastle

(lig- 1)_ /.. tirrttfhi occupies a wider variety of

huhitau than L, .sttbxhitulalosa, including permanent

streams in basalt country associated with wet

sclerophyll or rnontane foresl, to similar streams in

sandstone country. Although found at an altitude of

1066 m at Abertcldy, Vic and Rlnekhemfv NSW. /,

iinttpd also bas been lound m lower coastal areas lo

50 m (locality 16, Table 3>.
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Atltili vchmr in life

I itnriti sah^hintlulesa

Specimens from northern localities werti

predominantly grefiji. whcicus those from mid -multi

i <>,isi;tl localities ( I 9) ranged I'rom uniform golden

biown with sc altered darker im tilling o\c\' the

dorsum, lit specimens vvilh some small areas ol

given often alone- the canthus rosiralis or under the

eye. Two males liom hiealiiy I each had ;i broad

dorsal paich ol i-jven over ihe head or dorso lateral

ledums Two specimens. AMR7ro M), fuan

tiloiiecsler Tops NSW. and another observed b> II.

limes (NKVAVSi al Fal Brook (locality S?K were

umlotm bright gisctl, apart rfbm the ehurucU'ii-..u

ijolden dor.so-laleral snipes.

Some vuldemhrown specimens dcvclopc. large*

hntihl green palehes over llie dorsum al nielii iS.

Cow pt rs, coium.k The inner surfaces ol the hind

limb and gTQiil area were uanslucenl yellow, as

touud in adulls irom the type locality.

l.iioriu titrofht ha.-v a uniform golden brown dorsal

colouration Iwiib green along ihe canthus rosiralis

and sides of the body i. similar to most specimens of

/. sith^/atulnhtstt from localiliC-% 1-9. The principal

difference belween the specie*, is the colour of the

inrici surfaces ol The hind hmb and eroin, winch m /..

i iit.'fii is brick red.

I ttftfHH >t<'tntt\

l.tlcnn mkglttitthifoiii

Culling heems in spring and vvns observed on

20a.I9 1>4 at liualiiv X. when water icmperaiuies al

IligllC were very low. e.:: . n C and the div bulb an

temperature al locality 5b (1900 h) was 9,8 C i.A.

While. S, Cow |vis_ LOinm.t, Olhei obsei VatioUs by

M \. al ihe type locality during annual three-week

periods (Dec/Jan. I9fi(i -74). and al all other

localities listed in lable i. mdieale ihut calling

persists ilirouidiout December/January in a variety of

ur.iihcr conditions, with increased i.etiv ily during, or

aflet. heht rum. livening dry bulb air temperatures

taken during pcrn'ds ol spring/summer aclrvily al the

localilies in Table I wete |V"C-I9.5~C (mean

15 7 O At the lower temperatures (>V-I4"C).

calling wa.s less intense and by aural comparison

onlv, notes were al a slower repetition rate.

S(M»iadic dunoal calling was common during the

bteedme season bul males were most active at me, it.

Diurnal calling look place from concealed positions

such us under rocks or from within vegetation, either

near the siieam. ot at time* up to abotil i'om meues
away from the water. A single male or a small

number oi individual-., called from as early as 0742

h (e.g.. locality 7b). Nocturnal calling was initiated

by one forjg, in-imal!*, followed by others m ;i

distinctly polyphonic chorus The calls oi frogs at the

souihcrn localilies could nt>( be diHercnliulcd from

those of males ,u the lype localilv.

Males observed calling al night were often petched

on broad leaves of trees and shrubs approximately

0, > 1 ,5 m above streams, on terns at the edge of the

stream, or on vcgclulion lurlhcr from the waters

edge. They were frequently found calling in small

groups, iwo or moiv metres apart- On 22.\AW-\ at

Inealiiy 5K. 40 males were catling at riigtil in groups

•)f up to six alone; a 50 m >nvtcli of the stream iS.

Ciow pers, eomm.». Al locali'y 7b on 7,\i.I^'M. lour

males were ealline 25 m apart (K, Thumm |vr>.

comm r

An analysis ol the advertisement call is piostded

below and comparison made with thai <d / fftm^i

lw<> adiitliiuud call sequencfs. alliibutable 10 /..

stfh<;iiitutf>h>\ii y 3TC in the Btoaeouslic Library ol Ihe

Depal'tutenl of Zoology VniNersKy of Melbourne,

both recorded bv M. J. Liltlcjolui and bis associates.

The first, from tiuy Kiwke> Creek hbor NSWi Mi
24' 20" L. I.S2 20' 4h" Si \\<i\s a-emded on

2JS.\, 1^64 al a wel bulb air temperature ot :<S C. and

Ihe second, from Flat Rock Creek H km Wt^'Poiiil

Lookout NSW(close to ihe f&W silt), on I L\.1V63S

ai a wet bulb ail lemperaiure of I VC They ate

similar in all pertinent respect> to (he ljII ilcseriheo!

here.

Lt!<.-riii ci/ropa

Males al Darkes horest (locality 15. /'able \\ were

obsei^ed dunn» s[iriuy and summer catlm;j lo> t (j low

branches neside Ihe stream, on rocks near the otj&e ol

the ^.itei. iv on exposeil rock shelf in midstream
clove to shallow, slowly flowing water \> \\n\\ I

MibyJiittJiilt^tt nulcs called while two or more

melres aiarr and activil\ mcicised on oVercasi

evenings during or aflcr rain. Pry bulb air

temperatures on several nighls when males were

calling in Septembei LXxernbet. 1972- 1VS0. wete

14 22 'C No diurnal calling vsa% obsetved.

Aihcrfiu'iwtil *v(h

l.ctena \nbitlutuhilosit

Tlte .idvertisement call of /.. wfa$IiWfItfif}.st{ was

recorded by .1. Courtney al Diehard Creek, Clen

Innes (locality Hai. on 20.\»3. The dry-bulb au

icmpcrature was I V C\ The lollowine, data were

obtained from the fourth call ill Ihe sec)uence (I
:

\ii.

^A). The call has a duration ol 9.375 s and consist,-,

of 13 pairs (doublets! of pulse trains (notes), svilh

each of iho.se in the first five pairs all beina of

relatively low amplitude ibi", -mi. In the subsequent

seven pans t)l noies. ihe second note is of much
greaiet ampliiude than the firsi. Thus, all but one o\'

(he firs! notes (which is of equal amplitude) are

Softer ft 'I' 'he ani|4iliide of second notes bejf\£
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Fig. 2. Live egg mass pf Litoria sub#lanchitt/.\u attached to a leaf from submerged overhanging foliage in Tuckers Creek,

Burrington Tops ( locality X). Scale bar - 10mm.
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seconds

Fig. 3. Waveforms of advertisement calls of Lltoria sub-

gkmdulosa and L. citropu.

A. The complete advertisement call of Litoriu sub-

glandulosa from which the values given in the text were

derived. This call was recorded at Diehard Creek, Glen

Innes, (locality 1 3a), at a dry-bulb air temperature of

I3.0X.

B. An expanded waveform of the eighth doublet in the

call depicted in A.

C. A waveform of the complete advertisement call of

Litoria ciiropa from which the values given in the text

were derived. This call was recorded at the Rocky Rivet-

Road crossing on the Brodribb River, 17.5 km NNEof

Orbost. Vic. at a wet-bulb air temperature of 17.5°C.

100 200 300
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400 500
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seconds



*M M MXK'IIS Si M I I I I'll KIOH\

gieutei -by UpUi^dB in pair* 1 7. unci hy 12 ro 2*) tit*-

in pairs 8-13. Durations of doublets ranee Irorn KM
ta 372 nm (mean - 334); intervals between doublets

liinv from K4 ro 154 nis (mean = UK). The

ntpCti'Ottti rate t>f" the doublets is 1.35 s' The
• i.-itHiuini oi peak bequencics are within Hie Mftgffri

I fo(M480 H?i with means of 1405 flz lor tfe RrM
notes and 145-1 H/ for (he second notes. Thcie ate

10 15 pulses (mean = 14.1) in the fjrsi notes of each

i»t' (lie first seven pairs, and 4-f> pulsed (mean - 4>:>

in the remaindet. with 13-23 (mean = lf>.l) ill the

second note of the lust seven pairs. and ''-1
1 uncm

a 10.3) in iltc remainder. Ranges ol durations tit first

rlilUb ii- J2-*)1 ins (mean = S5A>i lot ihe fust seVflfl

pairs, 43-WJ ms (mean = 5*J.N) lor the others ;.uid I _'o

I IV mI mean 137.61 mJ I U 15\> ms imeau H4.2>

respectively loi the second notes. Pulse rates ot first

nolo nmee bom 125 IA7 p s' (mean 152.5) in the

tuM jyvcfl pairs, m40-SS p s ' intern t\4 0> in the last

m\ t-nr the second notes. |lta2 C&WgCi '"• fU)|sC fa

lire
l

'
1 -IX1 |? s ' Muean 145.01 for Ihe first ta en pairs

and S6-75 p s
' (meiin b4A0 for the last sjv

f.font, r/ffifpa

the udverli%ciueiil call £rf (his species was

uY.-anheil by l.uilcjohn t/ ^//. ( 1472) born the

audiospectrographic and oscillographic analysis of

two calls of one individual recorded (Nauru 1MB
recorder, hkvlro- Voice r£V 644 microphone) M
l.Hi.eh. C«cfc 9 km Wuftann Rivet Vk (I I9'

1 OS
1

I .

;

. / 34S) on 24 v!'>o0. The male was calling on

tin* bank al a wet bulb air temperature of 10.5 (\

Dwitfg lo background noise levels in the recording.

only u tracing of" a waveform was provided

This relatively long call (32 3.6 s) was described

as *»l complex temporal structure l|j£n 4rougl>

diphnsiek with a long introductory note lOM)- 1
)

1
*)

ms i erf. high and regular pulse tate t46 ps ), foil owed
by a sequence ol inegukuly produced pulses id

groups ot '5-7. The groups bave durations beLweeu K0

and 120 ms and pulse rates ol' 34 57 p s ' \u_-a\- the

stail. and are lottj#J (2^5-500 W$) and ot hn\«t pulse

rale ( 10-21 s ') near the end. The dominant

fivqucntics winge horn 1350 to IK0O 11/ within a

broad band ol frequencies between 1250 to 3600 H/.

lo confirm this desetiplion. and to provide an

itdk'alion t>f 1'nissible effects of (cmpr-oHnrr, the laa

cleat call in lire recorded sequence ol anothei

individual ot I,, i ///?'/></ was analysed. The recording

was made at the Rocky Rivet Road crossing on lite

Bmdiihh River 1 7.5 kin NNL o\ Orhost Vic ( 14*

JJ'E, 37 30* Si fay M. .1 Litllejohn on 2N.xi.l l )KI.

This, frog was calling from vegetation ill a height of

about 50 em, adjacent to the river, at ft wei bulb air

temperature of 17 v C, A wave loim of this call is

prcscnled in lag. 3C.

Tlie call, which has an overall duration o( \Xbh \.

ctHisists t)l a distinct lirsl note which is u iv^tilai

pulse train with a duration of X14 ms. a pulse rale ol

187 p s' and a dominant freqttencv of Ib40 H/ \

single pulse (duration appn>\inialely 7.0 nisi wjlli a

dominant frequent. \ oi IMIO Hy follows The

oiii.undei ot' (fie Call consists Ol eleven ^ioUj^ -!
I

5 pulses but four pulses and one pan ol pulses eante »'

rcalisticallv be grouped to alknv calculation of a

pulse rate: otherwise pulse rales ran^e from 31 to fU

p •-, '.The di.niiiumt fret|Ui:itcii:--. ot 'these pulse, OMtp^

from 1200 lo I3'M) 11/ and ibe durations ot the pulses

ranee from S.6 lo 12 9 ms, The variable pulsatile

second p;u( ol (bis call has a maximum amplitude

about ^ i||"j higher than dial of the iiiltodueiory note

Liietia whglattduhtsu

The adverttsemetil call of the male was heatd ill the

hffg before an. plexus occurred. Details ol egg mas -c.

laid aie pieseuted m laMe 2. O\qiosi(ion was not

observed, but lot each ol the three captive pairs

sludied, a single e^g mass was louud adherine, to the

side o! die bay..|Usl below walet level. I he UggS were

laid in a small, cianpaet clump ol
1 iwo lo three layers

id extremely sticky, coherme capsules. If. 1

Loniplements Tor two Ivmitles were 2V2 arul 4_\
Another eight egy masses o\ [ftis species were

louud at locality S on 4 xi. I W4 by A. While and

S, Cow. Hach mass wa.-- auached t« an oveOtaugiiig

leal a tvug oi a ovk [tyM U) vertical 0! neat \co>- -..l

orieulalion. just below the \\u\l'\ surface in a slowl)

llowing section ol j pool (some in mid-stream), The
pool was heavdy shaded by an almosi compiri:

l aio[*y I'over. Steadv lam had fallen Ihree ilaj

eaihcr L .od the stirijice water temperature a#

1400 h was 'J 4 i \ One o| ihese masses, removed

Irom Ihe stream on a leaf and photographed, >v

shown in fig 2

Lih>iiti ittn/fitJ

On 25-vi-l u 7.V oviposdion occurred alter (he m. !

t i\\i\ teiitalc had been collected at Ouriuibah ("reck

NSW(h^calily 16. Table U ;il 2200 h. The Imps

were placed in a plasiic bag. I he male soon began to

call and the pair was m amplexus ihree hours abet

capture. At 015b h on 2o.\i.l <>73. the initial two

sequences ot'o\ iposiiiou activlls ocetined; a( 0157 h,

a further lour oviposit ion sequences followed. Willi

only about three seconds between each. Oviposidou

was complete by Ol5V> h

In a typical sequence the female dorsiflexcd her

body with otilstretched hind limbs and produced a

hatch of eggs. The male fendistd them while

clipping his feel in a tanning motion around the tggs

The leiualc then seaUcred (be eggs with three sudden

k ictsine movements of her hind limits, The egg.s sank

and spread in a single layer across ihc bottom. She
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T'AHI.1 4, < 'itmptirixfln of
r

emhr\t>\ ^/'Litoria suhglamliilnsa flnrf I Unria eit opa

Developmental stages are those of Gosner ( I960)

Sliitii

17

21-22

21-25

Sampi e Mean emhivo Mean capsule Description

diameter/length diameter (mm) /- Mtbghimiufwto / , ( tlli'f'tl

h.Mih^lnntL I ..iittvpti ( mmt

D / Mf/U,'/ tW. /.. Litrt'fto L subgtand, /.. tfmopd

•J » 1.59 I..73 3.5? 6JTJ Animal pole: black/

vi'Mi'ttit />"/<': dark grey

daik brown/
creamy while

g 1? 2.17 j,!2 Body: dark grey,

yolk sac light grey

//ti«/ (lalciul view):

acutely angled

tyffr ve.Mi/c; small,

distinct bulge

dark brown/
ereamy while

acutely angled

larger,

indistinct bulge
1 653 d.76 Gfte anterior 3-4 branches

posterior 4-5 brunches

1 -2 branches

2-4 hraiuhes

(shurter)

1 8 Z.39 u.05 Uttered lines: pigmented

Mtxtfh-parys; no looth town or

keralimst-d |a\v sliealh

H(jW'liiri& U'mt't 0-10 day*

non-pigmenled
luuih rows,

keralinised

jaw shealh

4-0 davs

ihcn swam 10 another &kc and the process was

repealed. During ihe Final sequence, the emale

remained in the dorsillexcd position about three

seconds Longer, bin produced no eggs. I he male ihen

released the Female at the poinl when she began

kicking her hind limbs.

The egg complement was 055. F.mbryos hatchet! in

tour - five days at waler lemperalures o\' 17' 23 C
t\vw other egg masses laid mcaptivity contained N00

eggs and 928 eggs and look Tour - six days to

complete lunching at In -21 C (see Tables 3 $ 4).

In llie field, ihe eggs were found scattered 0VWthe

substrate HI shallow pools or slowly flowing sections

6f the stream, which is similar lo the mode pi'

deposition of eggs observed ill captive pairs.

t \t<i i 5. ninwiisions nj prewired emhryos of Litoria sub

glandulosa

imeaji in mm. range in parenthesis, stage

Gosner, l%0)

S la i:e Sample

4

l\mbryo diam.

1.59

Capsule diam.

i 3.37

( 1.30 1.04) l3 12-1.5! i

7-X 5 I.sfi 3 50

(J .56 1.30) 1

; IM.85)
16 s 2M5 S.3?

12.03 2.03) 1 1 2S 3.53i

17 9 217
i2.M-2.Ui

20 fi 5 SO
1 5 49-0.23)

M 22 \ io*
(6.4N-0.O4)

23 1 0.80, 7.3-4

24 1 7 V)

kmbnontt (Icvclttpmcnt

Liior'nt sttl>#hiiulul<tsa

Mortality rates ol embryos maintained in captivity

were high. Tilt survival rate taller removal from Ihe

stream), was greatest amongst embryos in the lop

layer of each mass. Those below this layer mostly

ceased developing beyond aboul stages K-12.

Kmbryos from the egg mass held at locality 10 m
water temperatures oi I4

ff-21°G survived the

longest; hatching occurred from days S - 10 and only

17 reached stages 20 - 25. The mass from locality 3

did not develop beyond stage IS, Initially, Ihe

embryos from locality 4b continued lo develop

during the two days of immersion in Ihe siream

before higher lemperalures away Ironi the stream

were experienced. Hatching occurred at stages 20 -

21 from days 6-8. with only eight embryos sui 'vi\ ing.

Embryos from the southern localities match the

following description of those from Ihe tvpe locality

10.

Imibryos laid early on I. i. 1974 (locality 10) were

at stage 2 when a sample was preserved at 0945 h.

The animal pole is black and the vegetal pole dark

grey. There are two layers ol 'jelly surrounding the

perivilelline membrane. Measurements of embryos

are given in Table 5. Ihe embryos were at stages 7-X

after K h. and X-9. after 12 h. Six embryos at Mages

7-5}: measured after preservation, have a smaller

mean diameter than Ihe same embryos measured live

(1.7 mmlive, 1.5 mmpreserved; capsule dunnctci

3.0 mmlive, 3.3 mmpreserved). After 23 h. embryos

were at stages 10-11, and after 38 h. at stages 12 H
Stage 1 7 w as reached after 02 h. A specimen drawn

at Stage 17 (Fig. 4Al. is described:- prominent optic

vesicle, pronephric swelling, slight anal bulge, large
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' i i . fnfifjrViiS tif t ihnhi \uh^lamlnh>\n ;m*t /- i >tn>pa

\ I- \ithv!<in,Jiihi\,} rv'inmoil Irotii its capsule al Maiv 17

li / i Hi'tpfi ivriM'VcO rprtm its capsule, al Ma^c 17.

t / -iihvjuthiulo.ui jutl hutched, at approximately *tyg£ 21

I) / Ultiipa fUtt lunched, at appiuMiiukU Muyc 21.

S. :,!<• bllt
*

I mm Ma'.v. hit I'rvm I • n: a
I

I
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gill-plaic swelling, with beginnings ol muscular

ridges along dorsal surface just below neural tuhe. I'

shaped adhesive organ, slight stoniodueal groove

beginning io form. Head iruneaie. acutely angled in

lateral view. Tad bud short, rounded, with strong

depression on each side below neural lube. Voik sac

grey, rusl of body very dark grey Aitei some years in

preservation, hody appears dark nod yolk siu hghtet

brown.

limbiyos examined at 71 h were in stages 17-1 S:-

growing tail bud pointing acutely to the left side of

I he bod_v within rum jelly capsule- two visceral

arches forming, narial pits beginning to develop

Alter 95 h. siaee IK-- optic vesicle more dellned

witli groove forming between this and gill plate;

neural tube, dorsal muscular ridges, narial pits and

divided adhesive organs all more developed.

Aftci 13! h Mages 19-20: small external gills, gill

emulation not apparent; head small, more rounded

over cranial region, adhesive organs dimimslung;

optic vesicle depressed slightly in centre: live

cmbiyos dark grey dorsally, lighter grey over yolk

sac, moving actively within eapsiile.

Hutching began eight days after ovipoMhoti- all

surviv i ng cmbryoN had hutched after ten days.

I mbryos hatching liisi mi day S wcje at stage 21 (in

relation io nplif development, but io gill

cireulalion):- Optic vesicles indistinct, yolk ?HC

large deepened slomodaeal pit with adhesive organs

close loi'ether al aiiterioi end, a divided ridge 02

posterior end; gills, developing notfeeablv UnoIX

advanced on sinistral side: vcnl tube not well

diflerenlialed: tail I ins dusky grey, shghdv arched

dorsally; body dalk gtey l>imvn mpre-ervati\c. head

rceion dichlls darker.

Stage 2 I was reaehed on day HI in relation io gill

(leMiopuient and lack ol tail lln circulanon only.

(big. 4C)r- iwo pairs ol well developed functional

external gills, composing 2-1 branches on anterior

pan. 15 on posterior pair; adhesive organs small

translucent; opli»_ vesicle undefined. Tins translucent.

deepening further, circulation not apparent; iaii

musculature poorly developed,

hive final hnlchlirigs at 19(H) h on day 10 were at

siaee 22 in relation io tail circulation, hut other

development was associated with stages 20-21:-

corncu still not irauspareni, prominent bin only

partially pigmented optic vesicle, lad fins deepening;

gills al maximum development, fully functional,

longer in some specimens than others: adhesive-

organs merging to form small ridge*, mouth
triangular, line ol pigment from lip of snout through

each initial pil to eye.

Stage 2-1- cornea transparent, eyes well developed,

heauly pigmeuled; anterior hall ol body becoming
transparent around nares; gills diminishing, operculum

developing.

Slage 24.- venl lube more discernible, oral disc

developing, with small triangular funnel above large

oval depression lo become lower labium.

By day I 3. most remaining embryos were at early

sta^e 25:- golden iridophores si/atteied in >pois ovci

dorsum. eyes black wilh scattered golden indophores.

patches of melanin over dorsal surface of tail

riiuseuktiuie; lad fms. hody wall mostly clear, wilh

some dusky pigment present Iniernarial region

inuiceahly delineated with pigment, lateral line

organs becoming visible.

By day 17, the development of the mouth was

almost complete wilh the exception of the line black

filameuts, winch were either not yet present, or only

shon unpigniented mots. Dorsal surface lurthci

pigmented wilh more golden iridophores over ateas

pigmented with melanin, including iris; tail

musculature pigmented dorsally, in well-spaced

broad hands: flecks of pigment found over bus in

older iarvae. as >el noi obvious; ventral (surface cleat.

cxcvpl lor broad perimeter of iridnphoies.

Lit* >t la lim.'pn

[jnbryonic development was described by Kin
& Anstis ( l^7Sv. A comparative summary of embryos

el /.. tthf'pa and /.. siih'<l(iiulnh>.\o during stages 2.

17, 21 and 25 is given in Tahlc 4. Figures 4R,

D show singes 17 ;uid 21. In general. L fiiprtptt is

larger than /. vittykaidlilttiW ihmuehou! embryonic

development, with adhesive oignns rt|tiic pioimnem

and eiils smaller and less numerous at stacc 21, A(

stage 25 and beyond, ihe lateral line organs remain

iinpigmemed :ind mouthpaUs possess tooih rows and

a keraiinised javv -heath tfig 4. Tyler & Ansiis

1975). Otherwise, the iwo species hove distinctly

truncate, angular heads in stage 17 and similar

hotly/tail shape throuehoui embryonic and larval

development.

Ldn'it! htltintont

Tadpoles of this species- observed at all localities

in Table I. were mostly foiiiKl on the subsiruic in

shallow, stovvly-tlowiug seenons of the stream nu

sand, amongst tocks or leaf liner. They weic

fret|ueulty found at die sides of the stream,

.swimming fast to deeper mid-sireum or amonesl

rocks it disturbed, They were well camouflaged

whilst on sand or grazing amongst rocks and

appeared lo feed on flocculem silt and algae.

Tadpoles defaceaied nipidly after capture and ihe

abdominal region, while similar in width io ihe

branchial region fov slightly less) m liu- specimens

in Ihe siream, was commonly iiatiovver in preserved

specimens.

Tadpoles observed adhering to die subsume
rapidly palled the body forward a distance ot 1-3 mm
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by the use of the oral disc alone, in a rasping action.

This process was repeated continually, resulting in a

distinctive form of locomotion during feeding, which

has not been described in other Australian suctorial

species. Particles of a fine silt suspension were found

amongst the dense, incurved papillae, buccal cavity

and gut of recently-captured specimens.

The fine black filaments of the mouth were broken

or missing in some specimens, or each was present

only as a shorter white filament or core, without the

black outer surface (or pigmentation I.

Litoria citropa

The tadpoles were found in small rock pools

(either associated with the main stream or segregated

when river levels were lower), and in larger pools or

slowly flowing sections of the stream. They were

also found on the substrate, but unlike L.

subglandidosa. were not observed moving forward

by the use of the mouth alone; the tail and body were

also involved. They appeared to feed on flocculent

silt and most individuals examined live in the

streams, had well-filled intestines (the abdominal

region being as wide as, or wider than the branchial

region). When disturbed they took cover under rocks

or leaf litter. They were well camouflaged on the

sandy floor and the dorsal colour varied from light to

darker golden brown, depending on the colour of the

substrate and light intensity.

Discussion

Population trends

Comparative field observations of the 1960s-70s

and 1990s showed a marked decline in the

population status of /,. subghmdulosa at the type

locality, indicating a need for comprehensive studies

on population trends oi' this species across its entire

distribution.

Advertisement calls

The calls of Litoria subglandulosa and /,. citropa

differ markedly in structure (Fig. 3A, C) and cannot

be of any assistance in the confirmation i4

relationships based on other criteria. As noted by

Watson et ai. (1991), the audiospectrograms of the

advertisement calls oi' L. citropa and L. spenceri are

of similar diphasic structure; they differ, however, in

that the following notes in the call of L. spenceri are

more regularly pulsed and of higher pulse rate.

Oviposition and embryos

From observations of oviposition sites of Litoria

verreauxii, L. dentata, />. phyllochroa, L, caerulca, L.

chlon's, L. freycineti, Limnodynastes peronii. Lint,

tasmaniensis. Lint, ornatus and other species of

Australian frogs, it has been noted that each deposits

Tari.Ii 6. Comparison of body proportions of larvae of
Litoria subglandulosa.

Type Locality 10 compared with new localities

2, 6a & 7a (Table I ).

(Measurements in mm; mean with range in brackets).

Stages 35 & 36 (Gosner I960).

Morphnmetric Tvpe Locality 10 Localities 2. 6a, 7a

Character n = 8 n = 8

TL 29.84 31.50

(26.40-35.00) (28.50-33.75)

BL 12.19 11.88

(11.64-12.63) (10.82-13.13)

BW 7.42 7.64

(6.15-8.04) (7.05-8.45)

BD 6.17 6.10

(5.74-6.64) (5.58-6.72)

Tl) 5.86 5.87

(5.17-6.48) (5.42-6.40)

TM 2.01 2.35

(1.64-2.29) (1.89-2.71)

IO 2.49 2.75

(2.13-2.87) (2.46-3.29)

IN 1.88 1.94

(1.80-1.97) (1.80-2.05)

EN 1.46 1.37

(1.15-1.64) (1.15-1.64)

MW 4.55 4.48

(3.77-5.25) (4.10-5,00)

eggs in a similar manner whether in the field or in

captivity (Anslis 1976, Anstis, unpub.). Similarly. L.

citropa scatter eggs over the substrate in both captive

and field situations, and L. subglandulosa attach the

entire egg mass to a surface just below water level.

The egg mass of L. subglandulosa is adapted to the

lotic environment, being compact in form and highly

adherent.

Embryos of L subghmdulosa that survived beyond

stages 8-12 were mainly from the outside layer of

capsules. Mortality may be attributed to reduced

oxygen levels associated with higher still - water

temperatures in the laboratory of up lo 24'C.

compared with 9.4°-15 QC in flowing streams. The
embryos from the egg mass at locality 4b continued

development during the initial two days of

immersion in the stream but, alter removal and

placement in the laboratory, development gradually

ceased over the next four days in the majority oi'

cases.

The periods of 6-8 and 8-10 days taken by two egg

masses to hatch (while maintained in containers) are

slower than those of other known stream-dwelling

hylids of lower altitudes, including L. citropa (Tyler

& Anstis 1975; Anstis unpub.). Further comparisons

can be made when data are available for

developmental rates of egg masses within the stream.

The egg capsules of/., citropa. are not as adherent

as those of L subghmdulosa. As they are scattered

over the bottom of still pools or very slowly flowing

sections of the stream, stronger adhesive properties
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would not be advantageous. The embryos developed

faster and had a much lower rale of mortality lh;m

thpSC Of L yuhxlwi(ltthi\<t. possihlv atiribulahlc tO

Ihc individual capsules being scattered over u broad

area, facilitating ovytienaliou.

ItirvtW

Whilst alight dilieivnees m body pi'OpOtUona WCIC

noted bclwccn some of Ihe norihern and southern

tadpoles of L wbglatulnfosa (Table f»). only y small

sample from each area was examined.

A sample of £. \nhi*lan(Info\a ladpoles wax also

very difficult to maintain in captivity at higher

Icmpcralures and a second sample maintained in

ueiatcd water with liltraliou tared no belter. Lucking

kcraiiuised jaw sheaths, they could not eat foods

such as boiled leiiuce and commercial fish food,

Introduction ol silt and deltital sediments taken trout

Ihe streams in their natural environment resulted in

some feeding, although llie tadpoles did not eiow us

well us those in the streams.

ThC distinctive locomotive behaviour of the

tadpoles imohme forward propulsion wilti Ihe use

of the oral disc alone, distinguishes (herd from the

sunilat sympatic species L, fthxtttnhrtia and /

/(Mfcttii. bold of which employ some tail movement
during locomotion associated with feeding, Ciradwell

(
I *>7> > stales thul the M3c muscle in /.,

Mth^ttiiuhtlosa tadpoles is inserted in both Ihc tipper

and lower labia, resulting in both labia being "pulled

caudad simultaneously", whereas "most other

suctorial ladpoles move their upper and lower jaws

towurd each Other during their scraping action". This

could explain the mechanism behind the distinctive,

movement observed in live ladpoles in the stream.

Gradwell also notes that this species has. lor its si/e.

"Ihe longest and densest papillae of the buccal

mucosa", and these "may aci as a sieve to rsclude

suspended particles above u certain si/.e",

Examination of gui contents and lurihcr

obscivalions ol (ceding mechanisms arc required to

determine the funcdonul morphology of the uni(|ue

moulhparls of ihis species.
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